The chemical composition and antimicrobial activity of the essential oils obtained from the flowering aerial parts and ripe fruits of Echinophora spinosa L. (Apiaceae) from central Italy were analyzed by GC/MS. The major constituents of the oil from the aerial parts were β-phellandrene (34.7%), myristicin (16.5%), δ 3 -carene (12.6%), α-pinene (6.7%) and α-phellandrene (6.2%), and of the oil from the ripe fruits p-cymene (50.2%), myristicin (15.3%), α-pinene (15.1%) and α-phellandrene (8.1%). The two oils showed good antimicrobial activity against Clostridium difficile, C. perfringens, Enterococcus faecalis, Eubacterium limosum, Peptostreptococcus anaerobius and Candida albicans with MIC values respectively of 0. 25, 0.25, 0.25, 0.25, 2.25, and 0.50%, v/v, and 0.13, 0.13, 0.13, 0.13, 2.25, 0.50%, v/v, for aerial parts and ripe fruits respectively. A less significant antimicrobial activity against bifidobacteria and lactobacilli, very important in the intestinal microflora, was also detected, with MIC values higher than 4.0%, v/v.
The aim of our work was to investigate the chemical composition of the hydrodistilled essential oils of flowering aerial parts and ripe fruits of E. spinosa collected in central Italy (Fano-Marche) on the Adriatic shore, and, as this plant is reportedly used in folk medicine as a carminative [3] , to determine the antimicrobial activity of the oils against some bacteria responsible for intestinal dysbiosis. Intestinal dysbiosis is defined as qualitative and quantitative changes in gastrointestinal flora, their metabolic activities, and their local distribution that produce harmful effects on the host; moreover, dysbiosis has been associated with a number of conditions, including atopic eczema, rheumatoid arthritis, inflammatory bowel disease, and irritable bowel syndrome [6] . It has been reported that individuals with intestinal dysbiosis show significantly fewer coliform bacteria, lactobacilli and bifidobacteria than those with a healthy gastrointestinal flora [7] , and this was confirmed by the fact that individuals with irritable bowel syndrome show low levels of bifidobacteria and lactobacilli, and high levels of potentially pathogenic microorganism such as Enterococcus faecalis, Escherichia coli (Gram-negative), and Candida albicans. In this research we wanted to investigate whether the essential oils of E. spinosa aerial parts and ripe fruits could be considered as antimicrobial agents able to inhibit selectively the growth of potentially pathogenic microorganisms, thus altering the balance of intestinal microflora, but not negatively influencing it.
The chemical composition of the essential oils of E. spinosa is summarized in Table 1 . Twenty-three and twenty-six compounds were identified in the oil of aerial parts and ripe fruits, respectively, representing 98.7% and 98.7% of the total oils. The major compound in the oil of the flowering aerial parts was β-phellandrene (34.7%) followed by myristicin (16.5%), p-cymene (16.3%), δ 3 -carene (12.6%), α-pinene (6.7%) and α-phellandrene (6.2%), while the major compound in the oil of ripe fruits was p-cymene (50.2%), followed by myristicin (15.3%), α-pinene (15.1%) and α-phellandrene (8.1%). Recently, Glamoclija et al. [3] studied the chemical composition and antimicrobial activity of the air-dried plants of E. spinosa from Buljarice Cost, Herceg Novi in Montenegro, and the major compound was δ 3 -carene (60.9%) followed by α-phellandrene (7.1%), p-cymene (6.3%), myrcene (4.8%), β-phellandrene (2.7%) and α-pinene (2.5%). To our knowledge, only Kubeczka [2] has previously studied the chemical composition of the essential oil of this species, without specifying the site and time of collection. The main constituents reported were the monoterpene hydrocarbons β-phellandrene (36.8%), p-cymene (27.3%), α-pinene (15.0%), α-phellandrene (6.9%) and limonene (2.6%). This analysis is partially in agreement with our results on the essential oil from the flowering aerial parts in which NPC Natural Product Communications β-phellandrene (34.7%) and p-cymene (16.3%) represented the major constituents, along with a minor, but significant, amount of αpinene (6.7%), and a very similar percentage of α-phellandrene (6.2%), while limonene was missing, as in the study of Glamoclija et al. [3] . For the first time, in our work, the chemical composition of the essential oil of ripe fruits of E. spinosa has been studied. The major component was p-cymene (50.2%), followed by myristicin (15.3%), α-pinene (15.1%) and α-phellandrene (8.1%). Compared with the oil extracted from the aerial parts, δ 3 -carene (1.1%) and βphellandrene (1.1%) were present in very small quantities. Also, in this oil, limonene was missing, but in agreement with the two previously reported authors, myristicin formed 16.5% and 15.3% of the oils from the aerial parts and ripe fruits, respectively. This compound has been reported in the oils of several Apiaceae species, such as Petroselinum sativum Hoffm., Apium graveolens L., Pastinaca sativa L., and Daucus carota L. [8] .
In addition to limonene, other compounds, such as cosmene and falcarinol, determined only by Kubeczka [2] , have not been detected by us in the two oils analyzed. This fact, together with the different percentages of the compounds determined by Kubeczka [2] and Glamoclij et al. [3] , could be due to the different environmental conditions of plant growth. In fact, it is probable that the geographical area of plant collection and the plant vegetation stage are among the factors that affect oil yield and composition [9] .
The essential oils of E. spinosa flowering aerial parts and ripe fruits did not inhibit the growth of either the Gram-negative bacteria, Bacteroides fragilis and Escherichia coli, or the two bifidobacteria and lactobacilli tested, but exhibited a better antimicrobial activity against the Gram-positive bacteria Clostridium difficile, C. perfringens, Enterococcus faecalis, and Peptostreptococcus anaerobius, with MIC values ranging from 0.25 to 2.25%, v/v, for the aerial parts oil, and from 0.13 to 2.25%, v/v, for the ripe fruits oil. The oils also inhibited the growth of Candida albicans, with a MIC value of 0.50%, v/v ( Table 2) .With regard to the constituents of the essential oils, β-phellandrene and p-cymene, the major constituents of the oils of the flowering aerial parts and ripe fruits respectively, and also α-pinene, β-pinene and α-phellandrene are endowed with antimicrobial properties [10] [11] [12] [13] [14] [15] . For this reason it could be hypothesized that the antimicrobial effect of the tested essential oils may be ascribed in part, but not exclusively, to the presence of appreciable amounts of p-cymene, α-pinene, and βphellandrene (only aerial parts); however, the contribution of other minor constituents cannot be completely excluded [16] . The oil was considerably less active as an antimicrobial agent than the reference drugs, neomycin and ketoconazole, for bacteria and fungi, respectively. However, this often happens when compounds such as antibiotics or antimycotics are used as references [17] . High MIC values against Gram-negative bacteria were expected by us, as well as lower values against the Gram-positive bacteria tested. It is known that generally Gram-negative bacteria are less sensitive to the antibacterial action of essential oils than Grampositive ones because of their hydrophilic outer membrane that acts as a barrier to hydrophobic essential oils. The cell membrane of Gram-positive bacteria contains mucopolysaccharides, proteins and phospholipids, and for this reason the entrance of antimicrobial agents such as essential oils and most antibiotics through the cell envelope is highly efficient, depending on a reaction with the protein layer [18] [19] .
However, our results are in agreement with those of Hawrelak et al. [6] who tested the same microorganisms with the essential oils of Carum carvi L. and Foeniculum vulgare Mill. var. dulce (Apiaceae), known for their beneficial effect (carminative as major) on the bowel.
In conclusion, this in vitro study shows that the essential oils of E. spinosa have a selective antimicrobial activity against the bacteria of the intestinal microflora, having a greater antimicrobial effect against potentially pathogenic microorganisms (mostly Grampositive) such as Clostridium difficile, C. perfringens, Enterococcus faecalis, Eubacterium limosum, Peptostreptococcus anaerobius and the fungus Candida albicans, than against the lactobacilli and bifidobacteria tested.
More detailed studies are required to understand the mechanism of this selectivity, but we think that the carminative activity of the Echinophora spinosa essential oil Natural Product Communications Vol. 8 (4) 2013 529 essential oils of E. spinosa aerial parts and ripe fruits can also be due to this property.
Experimental
Plant materials: Aerial parts of Echinophora spinosa L. were collected during the flowering stage in August 2011 and the ripe fruits in October 2011 from " Riserva Floristica Baia del Re" Fano (PU)-Marche region-Italy. The samples were identified by Dr Daniele Fraternale and voucher specimens, ESP09 and ESF09, respectively for aerial parts and ripe fruits, were deposited in the Herbarium of the University of Urbino "Carlo Bo". Fresh plant materials were chopped and subjected to hydrodistillation for 3 h using a Clevenger apparatus to obtain the essential oils, which were dried over anhydrous sodium sulfate and, after filtration, stored at 4°C until analysis and use in the biological tests. The oil yields were 0.83% (v/w) for the aerial parts and 1.13% (v/w) for the ripe fruits. We analyzed 3 samples of the aerial parts and ripe fruits.
Identification of essential oil constituents:
Oil was analyzed by GC and GC/MS. Analyses were performed on a Hewlett-Packard splitless gas-chromatograph, model 5890 equipped with a FID detector and coupled to an electronic integrator. The chromatograph was fitted with a methyl silicone column (12.5 m x 0.25 mm, 0.25 µm film thickness). The carrier gas was helium (0.9 mL/min), and the injector and detector temperatures were 280°C and 250°C, respectively. The oven temperature was programmed from 50°-270° at a rate of 4°C/min. Quantitative data were obtained by electronic integration of FID area data without the use of response factor correction. GC/MS analysis were performed using a Hewlett-Packard 6890 chromatograph combined with HP Chem Station software, equipped with a 5973 Mass Selective Detector and mass spectrometer operated at 70 eV, with a scanning speed of 1 sec over 40-300 amu range and an ion source temperature of 180°C. The same column and conditions were used as given above. Compounds were identified by comparison of their GC retention indices relative to retention times of a series of n-alkanes (C 7 -C 25 ), with those reported in the literature [20] , and by comparison of mass spectra from the Nist 98 Mass Spectral Database. GC analyses using a polar column were carried out on a Varian 3400 GC system equipped with a fused silica CP-Sil 88 column (50 x 0.22 mm, 0.2 µm film thickness). The carrier gas was He (0.9 mL/min). Oven temperature was programmed from 50-270°C at a rate of 4°C/min. Component identification was carried out by comparison of calculated retention indices with those reported in the literature [21] .
Bacterial and fungal strains:
In this study we used the same microorganisms, but from different origin, as those used previously [6] . Plates were inoculated with 1-2 μL spots containing approximately 10 5 CFU for the anaerobic bacteria and 10 4 CFU for the aerobic bacteria, and C. albicans. Aerobic microorganisms were incubated aerobically for 20-24 h at 35°C; anaerobic microorganisms were incubated anaerobically for 48 h at 35°C. At the end of the incubation period, the MIC was detected as the lowest concentration of essential oil that completely inhibited the growth of the microorganism considered [6, 22] . References
